Background: The presence of stromal tumor-infiltrating lymphocytes (TILs) is associated with increased pathologic complete response (pCR) and improved outcomes in HER2-positive early-breast cancer (BC) treated with anti-HER2-based chemotherapy. In the absence of chemotherapy, the association of TILs with pCR following anti-HER2 therapy-only is largely unknown.
Introduction
Although HER2-positive breast cancer (BC) is a heterogeneous disease, the combination of chemotherapy with trastuzumabbased therapy is considered the standard of care. The benefit of dual HER2-blockade has been well established in advanced BC, where trastuzumab doublets with lapatinib or pertuzumab improves survival [1] . In early-HER2-positive BC, the addition of lapatinib or pertuzumab to trastuzumab-based neoadjuvant chemotherapy increases pathologic complete response (pCR) rates [2, 3] . Moreover, trials investigated dual HER2 inhibition without chemotherapy and demonstrated impressive pCR rates (20%-30%) [2, 4] . Thus, a clinical question that arises is whether dual blockade may eliminate the need for chemotherapy in a subset of patients.
Research focused on stroma tissue and host cells that infiltrate a HER2-positive tumor is getting increasing interest. Indeed, the presence of tumor-infiltrating lymphocytes (TILs) shows high variability across patients and this variability has been associated with patient outcomes. For example, high levels of TILs have been associated with better survival outcome both in the early and metastatic setting [5] . Moreover, TILs have been associated with high-tumor response following neoadjuvant anti-HER2-based chemotherapy [3] and dual HER2 blockade-only with trastuzumab and pertuzumab [2] . However, it is currently unknown if TILs change during anti-HER2 therapy and if this information is associated with clinical outcome.
In this study, we investigated whether early changes in TILs are associated with pathologic response following treatment with lapatinib and trastuzumab in the context of the PAMELA study [4] . In addition, we tried to develop a simple and useful tool to predict response.
Patients and methods

PAMELA study design
The main results of the PAMELA trial have been previously reported [4] . In this study, 151 patients with early-HER2-positive BC were treated with neoadjuvant lapatinib (1000 mg daily) and trastuzumab (8 mg/kg i.v. loading dose followed by 6 mg/kg) for 18 weeks. Patients with hormone receptor (HR)-positive disease received letrozole or tamoxifen according to menopausal status. Formalin-fixed paraffin-embedded (FFPE) tumor samples at baseline and at D15 of treatment were collected according to protocol.
LPT109096 study design
The LPT109096 study results have been previously reported [6] . In this study, 100 patients with early-HER2-positive BC were randomized to lapatinib, trastuzumab or both. Patients received 2 weeks of treatment without chemotherapy, and after a tumor biopsy, they received the same anti-HER2 treatment in combination with chemotherapy consisting of 5FU 500 mg/m 2 þ epirubicin 75 mg/m 2 þ cyclophosphamide 500 mg/m 2 i.v. every 21 days (FEC75) for four cycles followed by weekly paclitaxel 80 mg/m 2 for 12 weeks. Trastuzumab was administered every week (4 mg/kg i.v. loading dose followed by 2 mg/kg). Lapatinib was administered every day (1250 mg if given without chemotherapy, 750 mg during FEC75 and 1000 mg during paclitaxel). FFPE tumor samples at baseline and at D15 of treatment were collected according to protocol.
TILs and tumor cellularity
Histopathologic analysis of the proportion of TILs was done in whole sections of tumor tissue stained with hematoxylin and eosin (H&E). TILs were quantified according to the 2014 Guidelines developed by the International TILs Working Group [7] . Cases were defined as lymphocyte-predominant BC (LPBC) if TILs represented !50%. Percentages of TILs and tumor cellularity at baseline and D15 were scored in slides of core biopsies from patients enrolled in PAMELA and LPT109096 blinded from clinic-pathologic and outcome data.
Tumor cellularity and TILs combined model at D15
From D15 samples of PAMELA, a bivariate logistic regression model for pCR in the breast was carried out using tumor cellularity and TILs as continuous variables. The estimated coefficient of each variable in the logistic model was used to derive an unscaled tumor cellularity and TILs (CelTIL) score ¼ À0.8 Â tumor cellularity (in %) þ 1.3 Â TILs (in %). The minimum and maximum unscaled CelTIL scores were À80 and 130. This unscaled CelTIL score was then scaled to reflect a range from 0 to 100 points.
Statistical analysis
Association between two variables was evaluated using Student's t-test, Pearson's v 2 test or Fisher's exact test. Association of each variable with pCR was determined by univariate and multivariable logistic regression analysis. pCR was defined as the absence of residual invasive cancer in breast following neoadjuvant therapy (ypT0/is). Odds ratios (OR) with a 95% confidence interval (95% CI) was estimated. Performance of each model was estimated by determining the area under the ROC curve (AUC). All statistical tests were two-sided and considered significant when P 0.05. All statistical analyses were carried out using the R software 2.3.0.
Results
Main clinic-pathologic characteristics at baseline
In PAMELA, TILs were successfully evaluated in 148 out of the 151 (98%) baseline samples (Figure 1 and supplementary Table  S1 , available at Annals of Oncology online). The median TIL was 10% and most patients had TILs below 20% (interquartile range 5%-20%). TILs in HR-negative were numerically higher compared with HR-positive disease (median 10% versus 5%; P ¼ 0.071). No statistically significant associations were identified between baseline TILs and age, nodal status, menopausal status and tumor stage (supplementary Table S2 , available at Annals of Oncology online). However, it was significant for histologic grade (HG), where HG 1 showed higher TILs (median 20%) compared with HG 2 (median 5%) or 3 (median 10%). Finally, 12 (8.1%) and 136 (91.9%) baseline tumor samples were classified as LPBC and non-LPBC, respectively.
TILs across the intrinsic subtypes at baseline
TILs varied statistically significantly according to the intrinsic subtype (P ¼ 0.025; Figure 2 ), with the HER2-E subtype showing the highest score (median 10%), followed by the Luminal A (7.5%), Luminal B (5%) and Basal-like (5%). The levels of TILs in HER2-E versus non-HER2-E was statistically significant (median 10% versus 5%, P ¼ 0.016). Concordant with this result, 11 out of the 12 LPBC (92%) were identified as HER2-E.
Association of baseline TILs with pCR
We evaluated the association of baseline clinic-pathologic characteristics and TILs with pCR. In univariate analysis, HG 1, HRnegative status, HER2-E intrinsic subtype and high TILs were statistically significantly associated with pCR (Table 1 and supple mentary Figure S1 , available at Annals of Oncology online). The rates of pCR in LPBC and non-LPBC were 58.3% and 27.2%, respectively (OR ¼ 3.75, 95% CI 1.12-12.54, P ¼ 0.024). In multivariable analysis, HG 1, clinically negative nodes and HER2-E subtype were significantly associated with pCR. TILs, however, was not found independently associated with pCR either as a continuous or categorical variable ( Table 1) .
Changes of TILs at D15
A total of 134 (88.7%) tumor samples at D15 were available, and 131 (86.7%) tumor samples had paired baseline TILs data. Compared with baseline samples, levels of TILs at D15 were statistically significantly higher (mean difference þ6.93%, 95% CI 3.28-10.59, P < 0.001) ( Figure 3 ). This increase was observed across all subtypes (Figure 2 ). Concordant with this result, the proportion of LPBC at D15 was higher compared with baseline (8.1% versus 15.7%; P ¼ 0.048).
Association of TILs at D15 with pCR
We evaluated the association of baseline clinicopathologic characteristics, TILs and subtype at D15 with pCR. In univariate analysis, HG, HR-negative status, normal-like group, low tumor cellularity and high TILs were statistically significantly associated with pCR (Table 2 and supplementary Figure S2 , available at Annals of Oncology online). The odds of achieving a pCR increase 4% for every increase of 1% in TILs at D15. The rates of pCR in LPBC and non-LPBC were 65.0% and 21.1%, respectively (OR ¼ 6.96, 95% CI 2.50-18.40, P < 0.001). As expected, low % tumor cellularity at D15 was associated with the normal-like phenotype (supplementary Figure S3 , available at Annals of Oncology online). In multivariable analysis, HG 1 (versus 3), low tumor cellularity and high TILs were significantly associated with pCR (Table 2) . Interestingly, when the association of pCR with baseline TILs, and D15 TILs, as continuous variables, was evaluated in a bivariate model in 131 paired samples, only D15 TILs was found associated with pCR (data not shown). The AUC of tumor cellularity and TILs to predict pCR were 0.793 and 0.695, respectively (Figure 4) . Finally, we explored the absolute change and the ratio from baseline to D15 time points. The absolute change was significantly associated with pCR (P ¼ 0.004; AUC ¼ 0.623) as well as the ratio (P ¼ 0.018; AUC ¼ 0.597). However, none of these biomarkers was superior to evaluating the levels of TILs at D15 (AUC ¼ 0.695).
Tumor cellularity and TILs combined model at D15 (CelTIL)
The previous analysis suggested that tumor cellularity and TILs at D15 provide independent predictive information from each other. To combine both information into a single variable, the regression coefficients of tumor cellularity and TILs at D15, obtained from the previous multivariable logistic regression model, were used to derive an unscaled CelTIL score [unscaled CelTIL score ¼ À0.8Â tumor cellularity (%) þ 1.3 ÂTILs (%)]. The minimum and maximum unscaled CelTIL scores were À80 and 130, respectively. This unscaled CelTIL score was then scaled to reflect a range from 0 to 100 points.
To further explore the ability of CelTIL to better predict pCR compared with tumor cellularity or TILs at D15, the performance of each individual variable and CelTIL was estimated. As expected, the AUC of CelTIL (0.857) was higher than the AUC of tumor cellularity (0.793) or TILs (0.695). Next, we evaluated the distribution of CelTIL in all D15 samples and observed that it followed a bimodal shaped distribution ( Figure 5 ). Based on the hypothesis that the variable is distributed according to a mixture of two Gaussian distributions, an optimal cut point (scaled CelTIL cut point of 33.59) was identified from the mixture model ( Figure 5 ). Below and above this cut point, the pCR rates were 0% (0/25) and 33% (36/108), respectively (supplementary Table  S3 , available at Annals of Oncology online). in this study received either lapatinib, trastuzumab or both for 2 weeks, a D15 tumor biopsy was then carried out, followed by the addition of multi-agent chemotherapy for 24 weeks before surgery. As expected, CelTIL was significantly associated with pCR in univariate analysis either as a continuous variable or using the pre-specified cut point (supplementary Table S4 , available at Annals of Oncology online). Below and above this cut point, the pCR rates were 33.3% (7/21) and 75.0% (33/44), respectively (OR ¼ 6.0, 95% CI 1.93-18.70, P < 0.001) ( Figure 5 ). Similar results were obtained when the association of CelTIL with pCR was adjusted for tumor size, nodal status and treatment arm (supple mentary 
Independent evaluation of CelTIL
Discussion
Previous studies have revealed that there is a clear relationship between the number of TILs and improved outcomes in patients with HER2-positive BC treated with anti-HER2 agents and chemotherapy. In the NeoALTTO trial, 1% increase in TILs was associated with better event-free survival [3] . Likewise, TILS level greater than 5% was associated with higher pCR rates, independently of treatment. Also, trastuzumab seems to benefit more patients with higher TILs levels, as it has been seen in the FinHER study [8] . In the Tryphaena trial, increase TILs at baseline were associated with increased probability of pCR in univariate but not in the multivariate analysis [9] . In the CherLOB trial, 121 patients were treated with neoadjuvant chemotherapy plus trastuzumab, lapatinib or both. Continuous TILs were associated with pCR in the univariate analysis but were not maintained in multivariate analysis when adjusted for intrinsic subtype, similarly as in our study. However, the low sample size should be considered before making definite conclusions [10] .
Although all these data demonstrate that TILs at baseline play an important role as predictive and prognostic value, changes in TILs from baseline to D15 have not been previously reported to the best of our knowledge. Based on our data, TILs predictive value is strongest at D15 than baseline. Compared with baseline, week-2 biomarker analyses have been associated with outcomes in a more consistent way in several studies. Farther to the change of ki-67 expression in HR-positive disease following endocrine treatment, a metabolic response by 18F-FDG PET/CT and presenting a normal-like subtype at D15 have been correlated with higher pCR in the NeoALTTO [11] and PAMELA [4] trials, respectively. Indeed, the decrease of the tumor cellularity at D15 was likely to indicate early-tumour response and an increased proportion of normal breast tissue. We have hypothesized that this second biopsy demonstrating a normal-like genomic subtype might capture a lower percentage of tumor cellularity. However, when we have integrated intrinsic subtype, TILs and tumor cellularity in a multivariate analysis, the genomic profiling lost significance, suggesting that not only the number of tumor cells should be considered, but a positive interaction between immune response and tumor cells might be the most potent factors related with pCR. Following these observations, we also developed and validated an easy tool called CelTIL which independently predicts pCR and might potentially select which patients could be cured with the combination of anti-HER2 therapies without chemotherapy. Very similar results were obtained in 65 D15 tumor samples from the LPT109096 trial. Although patients in this study received neoadjuvant chemotherapy, the CelTIL scoring was not affected since during the first 2 weeks, patients received either lapatinib, trastuzumab or the combination.
The finding that a mathematical model that combines data from TILs and tumor cellularity is associated with pCR in HER2-positive BC patients raises several questions. First, does this model correlate with prognosis in other tumor types, such as triple-negative BC as well? Second, does the favorable outcome of patients with higher CelTIL relate to the ability of these patients to respond well to anti-HER2 therapies, or it reflects an intrinsic good prognosis irrespective of treatment? Third, when is the optimal time to define CelTIL? Although the reason for selecting the week-2 biopsy was based on previous studies in HR-positive/ HER2-negative disease, time to induce an optimal immune infiltration is unknown. Fourth, is CelTIL an optimal marker for other antiHER2 combinations? Fifth, how does CelTIL correlate with long-term outcomes such as disease-free survival? Considering that the CelTIL is not scaled per dataset, it can be applied to any new dataset, after calculating TILs and tumor cellularity in a section of FFPE breast tissue with H&E staining. To overcome these issues, we are currently performing a further validation of the predictor in the phase II clinical trial PHERGAIN (NCT03161353), which has started accrual and will evaluate pertuzumab with trastuzumab (and endocrine therapy if HR-positive) without chemotherapy for those patients who achieve a pCR.
In conclusion, our data support the role of CelTIL in selecting patients who have a higher chance of being cured with a chemofree regimen in HER2-positive early-BC. Although these findings require further validation, they support the concept that stroma tissue interplays with epithelial cells and both, tumor cells and TILs, are integrated into the same immune modulation procedure. Integrating these factors with other classical prognostic and predictive factors should help us better define which patients will be cured without chemotherapy.
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